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Cancer

ARTHUR SCHATZKIN, D. YVONNE JONES,
TAMARA B. HARRIS, PHILIP R. TAYLOR,
ROBERT N. HOOVER, CHRISTINE L. CARTER,
REGINA G. ZIEGLER, AND LOUISE A. BRINTON

EPIDEMIOLOGIC INVESTIGATIONS OF CANCER IN NHEFS

At least three features make the data set from the NHANES I (National Health and e
Nutrition Examination Survey-I) Epidemiologic Follow-up Study, or NHEFS, par- ":['
ticularly useful for researchers in cancer epidemiology. First, since the study was % "g_
based on a probability sample of the population of the United States, the NHEFS . A
cohort has greater heterogeneity in educational background, occupation, and geo- Hom
graphic residence than one traditionally finds in cohorts. Second, information on “~d
characteristics and exposures of subjects was gathered before diagnosis. Cancer is “ta
known to affect many systems within the body and may certainly affect constituents Tlf:
of the blood and other biologic end points, as well as various aspects of life-style, P

including diet and exercise. Moreover, the diagnosis of cancer may influence a
person’s recall and reporting of information. These potential problems of reverse
causation and recall bias are obviated in large part by the prospective cohort design
of NHEFS. Third, relatively “hard” data on cancer end points are available from
both hospital records and death certificates.

We have previously used the NHEFS data set to examine three hypotheses of
considerable public health importance: (1) Alcohol consumption is positively asso-
ciated with breast cancer; (2) dietary fat consumption is positively associated with
breast cancer; and (3) serum cholesterol is inversely associated with cancer (at all
sites combined and at certain specific sites, especially the colorectum). In this
chapter we present a review of our earlier analyses (Jones et al. 1987; Schatzkin,
Jones et al. 1987; Schatzkin, Taylor et al. 1987; Schatzkin et al. 1988). In addition,
we present results of a study of the relation between socioeconomic status and
cancer. These studies reflect a common premise that the identification of socioen-
vironmental factors involved in the etiology of cancer is a critical step in the
prevention of malignant disease.
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IDENTIFICATION OF CASES: GENERAL CONSIDERATIONS

For our analyses involving the incidence of “all cancers,” a study participant was
classified as an incident case if there was any diagnosis of cancer (International
Classification of Diseases codes 140 through 208, excluding nonmelanoma skin
cancer, ICD code 173) on a hospital record or death certificate. (With incident cases
identified from death certificates, both the underlying and contributing causes of
death were relevant.) Cancer cases at specific sites were similarly identified from
the hospital records and/or death certificates. A few cases listed as primary lung
cancer were found on review of the hospital records to be secondary cancers (meta-
static from some other site). An individual could have had an incident cancer at
more than one site.

For cases identified through hospital records, the date of first admission for a
specific cancer listed in the discharge diagnosis was regarded as the date of inci-
dence for that site. The date of death was considered to be the incidence date for
cancers for which the only data available were those on the death certificate.

In analyses of mortality, only cancer listed as the underlying cause of death was
considered to be a case.

We excluded persons with prevalent cancer at baseline from all our analyses. A
person was considered to be a prevalent case if, at the first hospitalization, one of
the ICD V-codes indicating a “history” of cancer at a specific site was listed. A
person with a history of cancer at one site, however, was still at risk for cancer at
another site and would not have been excluded from some of the site-specific
investigations.

ALCOHOL AND BREAST CANCER

Evidence that alcohol consumption increases the risk of breast cancer in women
appeared over a decade ago (Williams and Horm 1977). Since that time, a number
of epidemiologic studies have shown this association. Although not all case-control
investigations of the relation between alcohol consumption and breast cancer
showed the positive association (Begg et al. 1983; Byers and Funch 1982; Paganini-
Hill and Ross 1983; Webster at al. 1983, Wynder et al. 1960), the majority of them
indicated that the risk of breast cancer increased with moderate alcohol consumption
(Harvey et al. 1987; La Vecchia et al. 1985; Le et al. 1984; O’Connell et al. 1987,
Rosenberg et al. 1982; Talamini et al. 1984). Three cohort studies observed an
elevation in risk of 50-100% in relation to drinking. Hiatt and Bawol reported a
40% excess risk among women consuming three or more drinks per day (Hiatt and
Bawol 1984). Willet et al. showed a 60% increase in risk for women drinking a little
more than a drink per day, with a dose—response relation being evident (Willet et al.
1987). Hiatt et al. recently showed that women consuming one or two drinks per
day had a 50% elevation in risk, with “past drinkers” being at more than twice the
risk of nondrinkers (Hiatt et al. 1988).
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Analytic Methodology

The original NHEFS cohort consisted of 8596 women, of whom 83% were white.
We initially identified 131 incident breast cancers in NHEFS, 111 from hospital
records and 20 from death certificates.

In this study (Schatzkin et al. 1987), women were excluded from the original
cohort as follows: 30 women were excluded because baseline information on drink-
ing was missing; 281 women who were pregnant or breast-feeding at the time of the
NHANES I interview were excluded, since alcohol consumption was likely to have
been affected by these conditions; 675 of the eligible women could not be traced;
483 women were found to be alive but did not have a follow-up interview, either
because they refused to participate or could not be contacted; 12 women were
considered to be prevalent cases at baseline. A small number of women fell into
more than one of these exclusion categories.

After these exclusions the population available for analysis consisted of 7188
women, of whom 121 developed breast cancer. The median follow-up time for the
cohort was 10 years.

We were concerned that the breast cancer rate in this cohort should be at least
roughly comparable to that in other U.S. populations. Therefore, we applied the
age- and race-specific incidences derived from the Connecticut Cancer Registry to
our cohort. The ratio of observed to expected cases was 1.07 (95% confidence
interval, 0.89-1.28).

Questions on frequency and quantity of alcohol consumption were asked dur-
ing the baseline interview. Each woman was asked if she had at least one drink of
beer, wine, or liquor during the previous year. If she had, she was then asked how
often she drank (the possible responses being every day, just about every day, about
two or three times per week, about one to four times per month, more than three but
less than 12 times per year, or no more than two or three times per year). Those
women reporting having had at least one drink in the previous year were also asked
how much they usually drank per 24-hour period (in glasses or drinks). We calcu-
lated the average number of ounces of ethanol consumed per day by the formula
(number of drinks per day) X (a drinking frequency factor) X (0.5 oz). The factor
0.5 oz was an estimate of the amount of ethanol in a “shot” of liquor, a 5-0z glass of
wine, or a 12-oz glass of beer. The frequency factors were as follows: 1 for drinking
every day, 5/7 for just about every day, 5/14 for two to three times per week, 5/60
for one to four times per month, 15/730 for 3 to 12 times per year, and 5/730 for
two to three times per year. Ounces of ethanol were converted into grams, with one
ounce being approximately equal to 25 grams (or roughly two drinks).

Unfortunately, information on quantity of the specific type of alcoholic bev-
erage consumed was not available. Since questions on drinking at earlier ages were
asked in the follow-up interview, we attempted a case-control analysis of the relation
of drinking at various ages to risk of breast cancer. However, the number of women
with breast cancer who provided this information in the follow-up survey was too
small for stable analysis.
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Information on most of the important covariates, including age, education,
poverty index ratio, body mass index, parity, age at menarche, age at menopause,
and diet, was provided in the baseline interview. The dietary data came from a 24-
hour recall interview conducted by a trained nutritionist using three-dimensional
graduated food portion models (National Center for Health Statistics 1972). Stan-
dard data on food composition were used for calculation of nutrient intake (Watt and
Merrill 1963). Information on family history of breast cancer (in mother or sister)
and age at birth of first child was available only from the follow-up interview.
Information was collected on smoking at baseline from only 43% of women in the
original NHEFS cohort. For those women lacking smoking data at baseline, we
inferred smoking status at baseline from the follow-up information. A woman
without baseline smoking data who reported at follow-up, for example, that she was
a current smoker and that she began smoking 20 years before her baseline examina-
tion would have been classified as a current smoker at baseline, with a 20-year
duration of smoking.

We found that the distributions of alcohol consumption and most risk factors
for breast cancer were virtually identical in the NHEFS cohort used in our analyses
and the total NHEFS cohort. The analytic cohort was slightly older than the total
cohort (26% vs. 23% = 65 years of age) and had a slightly greater proportion of
postmenopausal women (52% vs. 47%).

Observed Correlations between Alcohol Use and Breast Cancer

The mean age at baseline of women in our analytic cohort was 49 years. Fifty-five
percent were under 50, and 25% were over 65 years of age. Women who developed
breast cancer were older than those who did not; mean baseline ages were 56 years
for cases and 49 years for noncases. Of the 7188 women in the analytic cohort, 42%
had not graduated from high school at baseline, whereas 21% had completed more
than 12 years of education.

We examined the relation of alcohol consumption to a number of risk factors
for breast cancer (Table 5-1). Younger women reported more drinking than older
women. The age-adjusted proportions of women reporting drinking were higher
among women with more education, lower body mass index, older age at first birth,
and lower parity; those who smoked and had a higher fat intake also reported more
alcohol use. There was little difference in reported frequency of drinking according
to menopausal status, family history of breast cancer, or age at menarche.

Crude incidences of breast cancer according to category of drinking were
calculated by the formula (number of cases of breast cancer among women in the
category)/(total number of person-years contributed by women in that category).
The number of person-years contributed by an individual woman was calculated
from baseline to the time of diagnosis of breast cancer, death, or the follow-up
interview, whichever came first.

Age-adjusted incidences are shown in Fig. 5-1. The incidence was higher
among drinkers than among nondrinkers, and it increased moderately with amount
of alcohol consumed.
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Table 5—1 Relationship Between Levels of Alcohol Intake and Risk of Breast Cancer

Alcohol intake level (grams per day)

Relative risk estimates None Any >0-1.2 1.3-49 >5
Age-adjusted* 1.0 1.5 1.4 1.5 1.6
(95% Confidence interval) (1.1-2.2) (0.9-2.3) (0.9-2.6) (1.0-2.7)
Multivariate 1.0 1.6 1.4 1.6 2.0
(95% Confidence intervai) (1.0-2.5) (0.8-2.5) 0.9-3.1) (1.1-3.7)

Source: This table is reprinted with permission of The New England Journal of Medicine.

*Based on age-adjusted regression coefficients from the proportional-hazards models (121 cases).

tBased on 88 cases with complete covariate informatics, including age (years); education (>12 years); body mass index
(combined second through fourth quintiles 21-29; fifth quintile, >30); total dietary fat (grams per day) (separate second
through fifth quintiles; 34.2-47.5; 47.6-61.4; 61.5-80.6; =80.7); age at first parturition (19-20, 21-22, 23-24, and
=25), age of menarche (=<12), parity (nulliparity, one or two births), positive family history; and premenopausal status.

el BN

Any Non- <13 1.3-49 =5
drinking drinking Grams per day
Fig. 5—1. Age-adjusted rates of breast cancer according to level of alcohol consump-
tion. These rates have been age-adjusted by the indirect method (Fleiss 1981), on the
basis of the crude and age-specific incidence rates for breast cancer among women 25
to 74 years of age from the Connecticut Cancer Registry. Age-adjusted rates calculated
by the direct method (Fleiss 1981) (on the basis of the analytic cohort) were 150 and
218, respectively, for no drinking and any drinking, and 206, 204, 271 for the lowest
through the highest levels of drinking. Five grams of ethanol per day is roughly equiv-
alent to three drinks per week. (Figure modified from Schatzkin, Jones, Hoover, et al.,
1987.)
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To analyze the simultaneous relation of alcohol, age, and other variables to
incidence of breast cancer in the cohort, we used Cox’s proportional hazards regres-
sion technique (Cox and Oakes 1984). The analyses were performed with the PROC
PHGLM procedure available in the SAS statistical package (SAS Institute, Inc.
1983). Estimates of relative risk (and 95% confidence intervals) were derived from
the regression coefficients (and standard errors of the coefficients) yielded by the
regression models.

Table 5-1 depicts the results of proportional-hazards models comprising vari-

ables for age and alcohol use only. The estimated relative risk (95% confidence -

interval) for any drinking compared to nondrinking was 1.5 (1.1-2.2); the estimates
for the three tertiles of drinking, from lowest to highest, were 1.4 (0.9-2.3), 1.5
(0.9-2.6), and 1.6 (1.0-2.7), respectively.

We next performed a series of analyses based on various “trivariate” models
that included variables for age, alcohol consumption, and one of several potential
confounders, including education (<12, 12, >12 years), total dietary fat in grams
per day (quintiles), age at first birth (<19, 19-20, 21-22, 23-25, =26), age at
onset of menarche (=11, 12, 13, 14, =15), parity (nulliparity, one, two, three, or
more than four live births), family history of breast cancer, menopausal status, body
mass index (quintiles), or cigarette smoking (never, former, current smoker; or, 0,
1-13, or >13 pack-years). These analyses yielded relative risks for the highest
tertile of drinking in the range of 1.4 to 2.0. Estimates were largely unchanged
when quintile indicators for saturated fat, or fat as a percentage of total calories,
were substituted for total fat, nor were they altered in separate analyses that included
quintile indicators for protein, dietary cholesterol, or total calories.

Models that simultaneously included a variety of potential confounders gener-
ated relative risk estimates (95% confidence intervals) of 1.6 (1.0-2.5) for any
drinking compared to nondrinking. For the three textiles of drinking (relative to
nondrinking), the estimates from lowest to highest were 1.4 (0.8-2.5), 1.6 (0.9—
3.1), and 2.0 (1.1-3.7) (Table 5-2). (Because of missing information on covari-
ates, especially smoking and dietary variables, the number of cases analyzed in the
multivariate regressions was somewhat lower.)

We used the multivariate proportional hazards analysis to examine a linear
trend variable for alcohol consumption (with four values: nondrinking and three
tertiles of alcohol use). The p-value for trend was 0.020 for that variable. In a
similar analysis of a linear trend variable limited to the three tertiles of drinking, the
p-value was 0.50.

Finally, we performed stratum-specific analyses for a number of risk factors to
examine the possibility that the relation between alcohol and breast cancer differed
across risk factor subgroups. The relative risk estimates for any drinking (relative to
nondrinking) were greatest for women under 50, premenopausal women, and wom-
en with the lowest body mass index. These three groups had relative risks (95%
confidence intervals) of 2.1 (1.1-4.1), 2.0 (1.0-3.8), and 3.5 (1.6-7.9), respec-
tively. Relative risk estimates for any drinking were not materially changed in
analyses carried out within categories of age at first birth, parity, age at menarche,

Table 5—-2 Percentage Distribution by Fat Intake According to Risk Factors foﬂr Breast Cancer
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family history of breast cancer, fat consumed (grams per day or percentage of total
calories), or smoking.

Discussion

This investigation using the NHEFS data set showed a 50—100% elevation in risk of
breast cancer for women who reported any drinking. The data were consistent with
a modest dose—response relation across the levels of alcohol consumption (Schatz-
kin et al. 1987).

It is noteworthy that women in the NHEFS cohort were relatively light drink-
ers; only 9% consumed one or more drinks per day. Too few women in the NHEFS
cohort reported heavy drinking for us to determine whether heavier drinking con-
ferred an even greater excess risk of breast cancer.

Controlling for a number of potentially confounding covariates did not elimi-
nate the association between alcohol and breast cancer. However, controlling for
dietary factors in NHEFS is problematic. This limitation is of some importance
because dietary factors have been implicated in the etiology of breast cancer and
dietary intake is correlated with alcohol consumption. The assessment of a woman'’s
“usual” intake by the 24-hour recall method is limited by the substantial day-to-day
variation in what is eaten (Block 1982). Considerable misclassification can occur
when this method is used for assignment of individuals to quintiles of nutrient intake
(Freudenheim et al. 1987). Although it has become generally accepted that random
misclassification in the exposure variable (alcohol in this case) results in dilution of
the relative risk toward no association (Rothman 1986), the less extensive literature
on misclassification of a confounder indicates that the effect on the relative risk can
be in either direction (Greenland and Robins 1985). Since the number of cases in
this study was relatively small, we cannot rule out the possibility that misclassifica-
tion of dietary intake could have resulted in inadequate control of confounding.

Adequate information on a history of benign breast disease was not available
from the NHEFS data set. However, there is little evidence for an association
between alcohol use and benign breast disease, and in other cohort studies a history
of benign breast disease did not confound the positive relation between alcohol and
breast cancer (Hiatt and Bawol 1984; Willett et al. 1987; Hiatt et al. 1988). There-
fore, it is unlikely that confounding by a history of benign breast disease could
account for our findings.

With regard to our findings of a stronger association between alcohol and
breast cancer in younger, leaner, and premenopausal women, it is of interest that the
risk of breast cancer associated with drinking was greater in those women with the
least risk at baseline (i.c., younger and possibly leaner women). Alternatively, the
higher risk in younger women might simply reflect a harmful effect of drinking at
earlier, as opposed to later, ages, as has been suggested by a recent case-control
study (Harvey et al. 1987). This latter hypothesis can be tested later with the
NHEEFS data set, since questions on the amount of drinking at various ages were
asked in the follow-up interview. In the future, when the number of cases with
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information on early drinking becomes larger, a case-control analysis of the rela-
tionship between breast cancer and drinking at earlier versus later ages can be
carried out.

DIETARY FAT AND BREAST CANCER

Laboratory (Tannenbaum 1942; Carroll and Khor 1970; Carroll 1980) and human
correlation (Armstrong and Doll 1975; Carroll and Khor 1975; Drasar and Irving
1973; Enig, Munn, and Keeney 1978; Gaskill et al. 1979; Gray, Pike, and Hender-
son 1979; Hirayama 1978; Ingram 1981; Lea 1965; Miller et al. 1978) studies have
suggested that consumption of large amounts of fat predisposes women to breast
cancer, but the evidence is far from conclusive. Some recent experimental work
suggests that when both fat and total energy intake are considered, total energy
intake contributes to incidence of mammary cancer (Kritchevsky et al. 1984;
Kritchevsky et al. 1986). Inter- and intranational ecologic studies provide some of
the strongest support for the hypothesis linking dietary fat to breast cancer, but again
it is difficult to disentangle total energy intake (and intake of other nutrients) from
fat intake. Some case-control studies have estimated dietary fat (Graham et al. 1982;
Hirohata et al. 1985; Miller et al. 1978; Nomura et al. 1985); others have provided
information on consumption of certain foods or food groups high in fat (Hislop et al.
1986; Katsouyanni et al. 1986; Kinlen 1982; Le et al. 1986; Lubin et al. 1981;
Lubin 1986; Phillips 1975; Talamini et al. 1984) and have produced inconsistent
results. A study of a Japanese cohort found that meat consumption was associated
with an increased risk of breast cancer (Hirayama 1978), but another study among
Seventh Day Adventists in the United States did not find this association (Phillips
and Snowdon 1983). A recent large cohort study of over 600 cases of breast cancer
showed no positive association between dietary fat (as assessed by a food frequency
questionnaire) and subsequent breast cancer (Willett et al. 1987).

Analytic Methodology

The criteria for exclusion of women from this study were somewhat different from
those used in the study of the relation between alcohol and breast cancer that was
described earlier. Initially excluded were 1727 women from whom no dietary data
were obtained at baseline, 205 whose dietary data were obtained from a proxy, 35
whose dietary information was considered “unsatisfactory” by the nutritionist col-
lecting the data, and 117 with imputed data. Also excluded were 244 women who
were pregnant or breast feeding, seven with prevalent breast cancer at baseline, and
776 who were lost to follow-up either because they could not be traced or because
they refused to participate. The final analytic cohort consisted of 5485 women.

Breast cancer was identified by the same procedures as those used in the study
of the effects of alcohol use. (All hospital records indicating breast cancer were
reviewed in detail.) Ninety-nine cases were identified: 84 from hospital records and
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15 from death certificates. The ratio of observed to expected cases, again based on
the age- and race-specific incidences of breast cancer from the Connecticut Tumor
Registry, was 0.93 (0.75-1.13). Thirty-four cases were premenopausal, and 65
were postmenopausal at baseline.

Dietary exposure data were the same as those described in the preceding
section of this chapter. The key variables in the study of the link between fat intake
and breast cancer were intakes of total fat, percent of energy intake derived from fat,
and intakes of monounsaturated fat and of cholesterol. Ten persons for whom we
had no data on fatty acid and cholesterol intake were excluded from all analyses of
these dietary variables. Information on other covariates was obtained as described in
the study of alcohol consumption.

Observed Correlations between Fat Intake and Breast Cancer

In Table 5-2 we present data on the distribution of age groups and age-adjusted
distribution of several risk factors for cancer across categories of dietary fat. Young-
er women tended to report total fat intakes in the upper quartiles and older women in
the lower quartiles. This pattern reflected, in part, the fact that younger women
reported larger energy intakes than did older women, since the trend was weakened
considerably when fat intake as a percentage of energy was examined. Women with
higher relative income and premenopausal women were found disproportionately in
the higher quartiles of fat intake. Relatively overweight women, however, had total
fat intakes concentrated in the two lower quartiles. Little association was seen
between fat intake and either age at menarche or family history of breast cancer. For
fat as a percentage of total caloric intake, no association was seen for these two risk
factors for breast cancer.

Mean intakes of fat for cases and noncases are presented in Table 5-3. These
mean values were adjusted for age and other risk factors for breast cancer risk by

Table 5-3 Comparison of Mean Daily Nutrient Intakes Between Cases and Noncases
of Breast Cancer*

Age-adjusted Full modelt
Cases Noncases Cases Noncases
Nutrients (units) (n =99) (n = 5386) (n = 86) (n = 4912)
Fat (g) 57.0 (3.2) 59.9 (0.4) 55.0 (3.9) 60.3 (0.5)
Fat (% of energy) 346 (0.9 36.0 (0.1 346 (0.9 36.0 (0.1)
Energy (kcal) 1441 (61) 1465 (8) 1404 (65) 1475 )
Saturated fat (g) 200 (1.3) 214 (0.2) 19.4 (1.4) 21.5 (0.2)
Polyunsaturated fat (g) 6.6 (0.6) 6.6 (0.1 6.1 (0.6) 6.7 (0.1)
Monounsaturated fat (g) 21.8 (1.3) 22.9 (0.2) 21.0 (1.4 23.1 (0.2)
Cholesterol (mg) 282 (24) 305 3) 268 (26) 305 3)

Note: No statistically significant differences were found in any of these nutrient comparisons.
*Standard error of the mean in parentheses.

tModel includes age, poverty index ratio, body mass index, age at menarche, menopausal status/age at menopause, and
family history of breast cancer. Analyses were done on a subset of women with complete information.
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means of general linear regression, with the dietary variables as the dependent
variable, with age and the other risk factors as covariates, and with case status as an
indicator variable. (Because all the dietary variables except percentage of energy
from fat were skewed to the right, the regression analyses were repeated with use of
logarithmic transformed values. The results of both analyses were similar; there-
fore, the untransformed results are presented here.) Although the mean intake for
cases was less than that for noncases for each of the dietary variables, these dif-
ferences were not statistically significant.

Estimates of relative risk (and 95% confidence intervals) derived from propor-
tional hazards regression models are presented in Table 5—4. Women in the upper
quartiles for fat intake and for saturated fat intake had a lower risk of breast cancer
than those in the lowest quartile. The multivariate relative risks (95% confidence
intervals) for women in the upper quartiles were 0.34 (0.16-0.73) and 0.29 (0.12-
0.67), respectively, for intakes of total and saturated fat. The multivariate trend tests
(for a protective association) were significant (p = 0.03 for fat, p = 0.04 for
saturated fat). The trend test for fat as a percentage of total energy yielded a
marginally significant (protective) result (p = 0.06). None of the other dietary fat
and energy variables showed an association with incidence of breast cancer.

Analyses according to baseline menopausal status demonstrated that the pro-
tective effect of high fat intake was strongest in premenopausal women (relative
risk, 0.08; 95% confidence interval, 0.01-0.61). In postmenopausal women, the
protective effect was still apparent (relative risk, 0.63, 95% confidence interval,
0.30-1.54), but the confidence interval now included 1.0.

When the relation between fat intake was examined within tertiles of body
mass index, nonsignificant protective associations were observed for the highest
quartile of fat intake: For body mass index of 22.0 or less, the relative risk (95%
confidence interval) values were 0.65 (0.17-2.52); for body mass index of 22.1-

28.0, the values were 0.08 (0.01-0.65); and for body mass index of 28.1 or more,
0.41 (0.11-1.47).

Discussion

We found no positive association between dietary fat intake and risk of breast cancer
in the NHEFS data set. If anything, the data are consistent with a slight inverse
relation. These findings are qualitatively similar to those of Willett et al. (Willett et
al. 1987).

Again, the potential misclassification of dietary intake resulting from the 24-
hour recall must be considered. In this study dietary variables were the exposure of
interest. Since random misclassification would tend to reduce a positive association
toward a relative risk of 1.0, it is plausible that the lack of association between
breast cancer and several of the dietary variables could have resulted from such
misclassification.

The NHANES 1 data seem to indicate a slight negative association between
obesity and energy intake in women (Braitman et al. 1985). One explanation for this
finding is differential underreporting of intake by the obese who might be at in-
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84 / RISK FACTORS AND SPECIFIC DISEASES

creased risk of breast cancer. This underreporting is considered unlikely because of
the careful and standardized dietary assessment techniques used in that survey
(Braitman et al. 1985). Furthermore, if underreporting by more overweight women
were the explanation for the overall findings regarding any relation between fat and
breast cancer, then one would except no association between dietary fat and breast
cancer to be evident in the leaner tertiles. The fact that the point estimates for fat
intake were substantially less than 1.0 for each of the tertiles of body mass index
argues against this underreporting explanation.

In addition to expressing fat intake as a percentage of calories, other means of
adjusting fat intake for body size and energy intake include examining fat intake per
kilogram body weight and examining residuals of fat after regressing calories (on
fat). We found that both of these approaches yielded results similar to those obtained
when fat was assessed as a percentage of caloric intake, with multivariate relative
risk estimates for the upper quartile, relative to the lowest quartile, of 0.66 for
fat/kg of body weight and of 0.68 for fat residuals. The confidence intervals for
both point estimates included 1.0.

We should note, especially given the results of the analysis of the relationship
between alcohol consumption and breast cancer in the NHEFS data set as well as the
findings from other studies (Harvey et al. 1987; Hiatt and Bawol 1984; Hiatt et al.
1987; La Vecchia et al. 1985; Le et al. 1984; O’Connell et al. 1987; Rosenberg et al.
1982; Talamini et al. 1984; Willett et al. 1987), that controlling for alcohol con-
sumption did not materially affect the association between fat intake and breast
cancer.

Since it is conceivable that different effects of dietary fat on incidence and on
survival could have influenced our results, we performed similar analyses after
exclusion of the 15 cases identified from death certificates only, with date of death
used as date of incidence. Although the numbers were obviously much smaller, the
same inverse association between breast cancer and high intake of fat was seen in
cases determined by death certificates as in those identified through hospital
records.

Two additional limitations merit discussion. First, the women in this study are
generally consumers of a large amount of fat, certainly in relation to the levels
consumed in some other countries (e.g., Japan). Therefore, if there were a substan-
tially reduced risk of breast cancer at lower levels of dietary fat intake (e.g., 20% of
energy), one would not be able to observe this protective effect in the NHEFS data

set. Second, data on exposure in early life to dietary fat and other nutrients were not
available.

SERUM CHOLESTEROL AND CANCER

In this third investigation in the epidemiology of cancer done with the NHEFS data
set, we consider men as well as women, incidence at sites other than the breast,

incidence at all sites combined, and total mortality attributable to cancer (Schatzkin
et al. 1987).
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The relation between serum cholesterol and cancer has long been a controver-
sial topic. A number of cohort studies have found that among men, serum cholester-
ol and cancer, particularly cancer of the colon, are inversely related (Beaglehole et
al. 1980; Cambien et al. 1980; Feinleib 1981; Garcia-Palmieri et al. 1981; Interna-
tional Collaborative Group 1982; Kagan et al. 1981; Kark, Smith, and Hames 1980;
Kozarevic et al. 1981; Morris et al. 1983; Peterson and Trell 1983; Rose et al. 1974;
Rose and Shipley 1980; Sherwin et al. 1987; Stemmerman et al. 1981; Wallace et al.
1982; Williams et al. 1981). A number of other cohort studies, though, found no
such inverse relation, either for all cancer or for cancer of the colon (Dyer et al.
1981; Hiatt et al. 1982; Hiatt and Fireman 1986; Keys et al. 1985; Morris et al.
1983; Salonen 1982; Sorlie and Feinleib 1982; Thomas et al. 1982; Westlund and
Nicolaysen 1972; Wingard et al. 1984; Yaari et al. 1981). Most studies of cholester-
ol and cancer in women have reported no significant association (Dyer et al. 1981;
Hiatt and Fireman 1986; Kark et al. 1980; Morris et al. 1983; Sorlie and Feinleib
1982; Wallace et al. 1982; Wingard et al. 1984), although a few studies have shown
a nonsignificant inverse (Kark, Smith, and Hames 1980; Morris et al. 1983; Sorlie
and Feinleib 1982) or direct (Wallace et al. 1982) association. A positive association
between level of cholesterol in serum and colorectal cancer has recently been
described (Tornberg et al. 1986).

Since a few studies have found that the inverse relation between serum choles-
terol and cancer was confined to the first few years of follow-up (Cambien, Duci-
mitiere, and Richard 1980; International Collaborative Group 1982; Rose and
Shipley 1980; Sherwin et al. 1987; Wallace et al. 1982), some investigators sug-
gested a “preclinical cancer effect” (i.e., the metabolic depression of serum choles-
terol by undiagnosed cancers) as an explanation for the finding (Rose and Shipley
1980; McMichael et al. 1984). Again, the data on this particular hypothesis are
inconsistent. Some studies found that the inverse relation did not disappear for
malignancies diagnosed 215 or more years after measurement of the concentration
of cholesterol in serum (Beaglehole et al. 1980; Garcia-Palmieri et al. 1981; Kark,
Smith, and Hames 1980; Peterson and Trell 1983; Sorlie and Feinleib 1982).

Analytic Methodology

The procedure for identifying incident cases and deaths due to cancer in NHEFS
was described earlier. The ratio and 95% confidence interval of observed to ex-
pected number of cases (based on age-, gender-, and race-specific incidence rates
from the Connecticut Tumor Registry) for all incidence of cancer in men was 1.04
(0.95-1.14). The comparable ratio of observed to expected number of cases among
women was 1.01 (0.91-1.11).

Criteria for exclusion of subjects were slightly different for the analyses of
incidence and mortality. At the time of NHEFS, 351 eligible men and 675 eligible
women could not be traced; 309 men and 483 women were traced and found to be
alive but did not have a follow-up interview, either because they could not be
contacted or because they refused to participate; and 20 men and 61 women had no
baseline data on serum cholesterol. Ten men and 25 women with cancer at any site
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(except nonmelanoma skin cancer) at baseline were excluded from the analyses of
all cancer. A smaller number of prevalent cases were excluded from the site-specific
analyses; the precise number varied from site to site. A few men and women fell
into more than one of these exclusion categories. For the analyses of mortality, only
those missing baseline data on serum cholesterol and/or those identified as prevalent
cases were excluded.

Overall, 5125 men and 7363 women were included in the analysis of incidence
with cancers developing in 459 men and 398 women. The analyses of mortality
comprised 5791 men and 8535 women, including 258 men and 186 women dying
with cancer as the underlying cause.

Concentration of cholesterol in serum was determined from blood specimens
obtained from nonfasting subjects; a semiautomated modified ferric chloride—sul-
furic acid method was used. Measurements were done in the lipid laboratory of the
Centers for Disease Control, Atlanta, Georgia (National Center for Health Statistics

1980; Eavenson et al. 1966); other covariate data were obtained as described in the
two preceding sections.

Observed Correlations between Serum Cholesterol and Cancer

The mean age at baseline of men in our study population was 52 years; that of
women, 48 years. (These simple descriptive data for women are nearly identical to
those presented in the section on alcohol consumption and breast cancer, but they
are repeated here for comparison with the findings for men and because the cohorts
analyzed were slightly different.) Of the 5125 men, 48% did not graduate from high
school, whereas 25% had more than 12 years of education; the analogous figures for
women were 42% and 21%. Eighty-six percent of the men and 84% of the women
were white.

The mean serum cholesterol levels for the entire group (*standard deviation)
were 221 (=47) mg/100 ml for men and 222 (+50) mg/100 ml for women.

We examined the interrelation of serum cholesterol level with various risk
factors for cancer. Among both men and women, high levels of cholesterol in serum
at baseline were associated with older age, poverty index ratio, body mass index,
cigarette smoking, alcohol assumption, and lower consumption of fiber. There was
little difference across levels of serum cholesterol in years of education, race, and,
for women, age at first birth, age at menarche, and parity. Intake of fat was directly
related to cholesterol in women but essentially unrelated in men.

Age-related incidence and mortality rates (computed by the method described
in the study of alcohol consumption—breast cancer) are shown in Fig. 5-2. Among
men there was an inverse relation between cholesterol and both incidence of cancer
and mortality due to cancer. Among women the inverse relation for mortality was
stronger than that for incidence, with elevations in cancer rates being largely con-
fined to those in the lowest quintile of serum cholesterol.

In Fig. 5-3 we present data for those specific sites with at least ten cases in
both sexes (except for cancers of the prostate, cervix, endometrium, and ovaries, for
which ten cases were required in the appropriate gender group). In men an inverse
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Fig. 5—2. Age-related incidence and mortality rates for cancer of all sites according to
levels of serum cholesterol and gender. Rates were age-related by the direct method
(Fleiss 1981) according to the age distribution of the cohort.

relation can be seen for all cancers as well as for lung, colorectal, pancreas, and
bladder cancers and for leukemia. There was little association between cholesterol
and prostate cancer or lymphoma. Among women, inverse associations were appar-
ent for cancers of the lung, pancreas, bladder, and cervix and for leukemia. Little
relation between cholesterol level and cancer was evident for breast, colorectal,
ovarian, and uterine corpus cancers. (Note, however, that the incidence rates for
some sites were based on a small number of cases within cholesterol levels.)
Age-adjusted and multivariate estimates of relative risk from proportional haz-
ards regression models are presented in Table 5-5. There was an inverse association
between cholesterol and incidence of cancer in men; the multivariate relative risk
estimates (95% confidence intervals) for the first through fourth quintiles of choles-
terol (in comparison to the highest quintile) were, respectively, 1.7 (1.2-2.6), 1.5
(1.0-2.2), 1.0 (0.7-1.5), and 1.2 (0.8-1.8). The multivariate trend test for inci-
dence was significant (p = 0.003). Similar results were obtained when mortality
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was analyzed and when incident cases reported by death certificate only were
eliminated.

For incidence of cancer in women, there was a small, nonsignificant increase
in risk confined to the lowest quintile of cholesterol (Table 5-5). The multivariate
relative risk estimates for incidence in women were 1.2 (0.8-1.9), 1.0 (0.7-1.5),
0.8 (0.6-1.2), and 0.9 (0.6—1.2). The multivariate trend test for incidence was not
| significant (x2 = 2.34; p = 0.13). Negligible differences resulted from the elimina-
tion of those incident cases identified from death certificate only. In the analysis of
' mortality, the risk was higher for women in the lowest quintile for cholesterol
(relative risk, 1.9; 95% confidence interval, 1.0-3.4).

In Table 5-6 we show more detailed data on the association between serum
cholesterol and colorectal cancer. Although there was a suggestion of an inverse
relation between cholesterol and colorectal cancer among men, none of the relative
risk estimates were statistically significant. No association was seen in women.

Because the curves depicting incidence and the results of regression analyses
suggested an inverse relation between concentration of cholesterol in serum and
several site-specific cancers known to be related to cigarette smoking, we aggre-
gated sites a posteriori to form categories of smoking-related and non-smoking-
related cancers. The smoking-related cancers in men were those of the lung, mouth,

larynx, esophagus, pancreas, and bladder and leukemia (Wynder and Hoffman .
1982; Austin and Cole 1986). In women the smoking-related cancers were at the '»11 z.,
same sites as those in men, plus the additional site of the cervix (Wynder and -
; Hoffman 1982; Austin and Cole 1986). Age-adjusted incidence rates for the smok- }‘F
s
! Table 5—-6 Relationship Between Level of Serum Cholesterol and Colorectal Cancer :j?e
According to Gender ved
Cholesterol Quartiles U,
<198 190-216 217-246 >247 -
Sy
Men “;:
No. of cases 16 18 10 18
Relative risk* 1.3 1.2 0.6 (1.0)
(95% confidence interval) (0.6-2.5) (0.6-2.4) (0.3-1.3) —
Multivariate relative riskt 1.7 1.2 0.5 (1.0
(95% confidence interval) 0.8-3.7) (0.5-2.6) 0.2-1.4) —
<186 187-217 218-251 >252
Women
' No. of cases 6 13 23 26
| Relative risk$ 0.9 1.1 1.2 (1.0)
' (95% confidence interval) (0.4-2.2) 0.6-2.2) (0.7-2.2) —
Multivariate relative risk$ 1.0 0.9 1.3 (1.0)
(95% confidence interval) (0.3-2.7) (0.4-2.1) (0.6-2.4) —

*Based on proportional hazards models including variables for age and cholesterol.

+Model includes variables for age. education, body mass index, smoking (pack-years), alcohol, fat as a percentage of
calories, dietary fiber, and cholesterol. Forty-five cases were analyzed in the multivariate model.

tModel includes variables for age, education, body mass index, smoking (pack-years), alcohol, fat as a percentage of
calories, age at first birth, age at menarche, parity, and cholesterol. Forty-eight cases were analyzed in the multivariate

model.
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Fig. 5—-4. Age-adjusted incidence of smoking- and non-smoking related cancers ac-
cording to level of serum cholesterol and gender. The first through fifth quintiles of

cholesterol (mg/100 ml) were as follows: for men, =182, 183-205, 206-226, 227—-
254, =255; for women, =179, 180-203, 204-229, 230-261, =262.

ing-related and non-smoking-related cancers by quintiles of cholesterol are dis-
played in Fig. 5-4.

A definite inverse relation between cholesterol and cancer similar to that seen
for all cancer was found for smoking-related cancers, whereas only a weak inverse
relation was noted for non-smoking-related cancers. Among women only, an
inverse relation was also apparent for smoking-related cancers, but not for non-
smoking-related cancers.

Table 5-7 gives the relative risk estimates for smoking-related and non--
smoking-related cancers in men in each of the serum cholesterol quintiles. A clear
inverse relation was present for smoking-related cancers in men (Table 5-7), with
multivariate relative risk estimates of 2.1 (1.1-3.8), 1.6 (0.8-2.9), 1.1 (0.6-2.2),
and 1.4 (0.7-2.5) for the first to fourth quintiles. (The highest quintile is the
reference group.) The multivariate test for trend was significant (p = 0.02). Since
the etiologic link between smoking and leukemia is not as well established as that
for the other smoking-related cancers mentioned, we performed separate analyses
without leukemia in the smoking-related cancers group. The multivariate risk esti-
mates for smoking-related cancers minus leukemia (101 cases) were 2.1(1.1-4.0),
1.8 (0.9-3.3), 1.1 (0.6-2.2), and 1.3 (0.7-2.4). (Again, the reference group was
the highest cholesterol quintile.) The trend test showed a p-value of = 0.01. In
addition, since the ascertainment of cancer solely by death certificate might have
been less accurate than ascertainment by hospital records, we examined the relation
between cholesterol and cancer for smoking-related cancers confirmed by hospital
records. Estimates of relative risk were not substantially altered. For the non-
smoking-related cancers, there was a weak inverse relation, with x> =335@=
0.07) for the multivariate trend test.

For women an inverse relation, considerably stronger than the one for all

Table 5-7 Relationship Between Levels of Serum Cholesterol and the Occurrence of Smoking-related and

Nonsmoking-related Cancers for Men

Serum cholesterol level (mg/100ml)

227-254 >255

206-226

183-205

‘n = 1000)

<182

(n = 1065) (n = 1029)

(n = 1023)

(n = 100R)

AM
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cancer, was evident for the smoking-related cancers, with a multivariate relative risk
estimate of 3.3 (1.4-7.8) for the lowest compared to the highest quintile (Table 5-
8). The test for trend for smoking-related cancers yielded p = 0.02. The estimates
of relative risk for smoking-related cancers minus leukemia (only 45 cases) were
2.2 (0.8-5.7), 1.2 (0.5-3.2), 0.7 (0.3-1.8), and 0.9 (0.4-2.0) (highest cholesterol
quintile as reference), with a multivariate trend test yielding x* = 1.44 (p = 0.23).
Relative risk estimates for smoking-related cancers did not differ materially,
whether based on hospital records alone or on hospital records combined with death
certificates. No association was evident between cholesterol and non-smoking-
related cancers in women.

The relation of cholesterol to incidence of all cancers, incidence of smoking-
related and non-smoking-related cancer, and mortality due to cancer was similar
across subgroups of various risk factors for cancer, including age, education, body
mass index, smoking, alcohol consumption, and fat consumption. Among women
the inverse relation observed between cholesterol and cancer for incidence of all
cancers was restricted to women under the age of 50 years.

Because of concern for residual confounding by smoking, we focused on the
relation between cholesterol and smoking-related cancers (not exclusively attributa-
ble to smoking) among nonsmokers. For male nonsmokers the relative risk esti-
mates and 95% confidence intervals from the first to the fourth cholesterol quintiles
for smoking-related cancers (25 cases) were 4.7 (1.3-17), 2.0 (0.5-8.4), 1.2 (0.2-
5.8), and 1.0 (0.2—4.9) (reference was highest cholesterol quintile). The analogous
estimates for smoking-related cancers (40 cases) among nonsmoking women were
2.5 (0.8-8.1), 2.2 (0.8-6.3), 2.0 (0.8-5.0), and 1.8 (0.8-4.3).

Finally, to explore the possibility that preclinical cancer was depressing choles-
terol levels (the “preclinical cancer effect” hypothesis), we analyzed the relation
between cholesterol and cancer within three distinct follow-up periods: 0to 1.9, 2 to
5.9, and 6 or more years from the measurement of cholesterol measurement to the
diagnosis of cancer. For incidence of all cancer, we analyzed only those cases
confirmed by hospital records, since the time of cancer diagnosis was thought to be
less reliable for cases identified by death certificate only. As Table 5-9 demon-
strates, the inverse relation among men was strongest for cases diagnosed 6 or more
years after serum cholesterol was determined. For women there was a statistically
significant excess risk only among women in the lowest cholesterol quintile in
whom cancer was diagnosed within two years of measurement of cholesterol.

As the data in Table 5-10 show, the inverse relation between cholesterol and
smoking-related cancers persisted in both men and women for cases that were
diagnosed more than 6 years or more than 8 years after measurement of cholesterol.
Results were not altered in the analyses of smoking-related cancers confirmed by
hospital records or in multivariate models including variables for cholesterol, age,
education or poverty index ratio, race, body mass index, smoking, alcohol con-
sumption, dietary fat intake, dietary fiber intake, and, for women, age at first birth,
age at menarche, parity, and menopausal status. For the 41 smoking-related cancers
in men diagnosed 8 or more years after measurement of cholesterol, the age-
adjusted relative risk estimates for the first through fourth quintiles, relative to the

Table 5-8 Relationship Between Levels of Serum Cholesterol and the Occurrence of Sm

oking-related and
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Table 5-9 Relationship of Levels of Serum Cholesterol and Relative Risk of Cancer as
Confirmed by Hospital Records According to Years of Follow-up and Gender

Relative risk (95% confidence interval)

Serum cholesterol after indicated years of follow-up

level (mg/100ml) Zero-1.9 2-5.9 =6
Men (no. of cases) 56 134 168
=182 0.8 (0.3-1.9) 1.5 (0.9-2.5) 2.2 (1.3-3.D)
183-205 1.3 (0.6-2.6) 1.0 (0.6-1.7) 1.8 (1.1-3.1)
206-226 0.6 (0.2-1.4) 0.9 (0.6-1.6) 1.7 (1.0-2.9)
227-254 0.8 (0.4-1.7) 0.8 (0.7-2.0) 1.8 (1.1-3.0)
=255 1.0 — (1.0) — 1.0y —
Women (no. of cases) 58 125 153
=179 3.3 (1.3-8.2) 0.6 (0.3-1.3) 1.0 (0.6-1.8)
180-203 1.3 (0.4-3.8) 1.0 (0.6-1.8) 0.8 (0.5-1.4)
204-229 2.8 (1.5-5.9) 0.8 (0.5-1.3) 0.7 (0.4-1.2)
230-261 1.9 (0.9-4.0) 0.6 (0.4-1.0) 1.0 (0.7-1.5)
=262 (1.0 — (1.0 — (1.0) —

Note: Age-adjusted relative risks and 95% confidence intervals were derived from follow-up time-specific proportional
hazards models that included variables for age and cholesterol. Estimates were only minimally altered in multivariate
models that included variables for age, cholesterol, education, body mass index, smoking (pack-years), alcohol, dietary
fat as a percentage of total calories, dietary fiber, and, for women, age at first birth, age at menarche, and parity.

highest quintile, were 5.9 (2.0-18), 1.5 (0.4-5.5), 2.2 (0.7-7.2), and 2.2 (0.7-
7.2). (There were only 17 such cases in women.)

Discussion

Our analysis of the relation between serum cholesterol level and cancer in men
confirmed the inverse association that has been reported in numerous cohort studies.
There was at most, however, a small, nonsignificant inverse relation for colorectal
cancer. The inverse relation was somewhat stronger for smoking-related as opposed
to non-smoking-related cancers, with a doubling in risk of smoking-related cancer
among men in the lowest cholesterol quintile. The inverse relation for incidence of
all cancer and of smoking-related cancers persisted for several years after cholester-
ol was measured (Schatzkin et al. 1987, 1988).

Among women we found a nonsignificant inverse relation between serum
cholesterol level and incidence of cancer that was restricted to women in the lowest
cholesterol quintile. For mortality attributable to cancer, however, the inverse rela-
tion (again confined to the lowest quintile) was considerably stronger. There was
also a strong inverse association of cholesterol level with smoking-related cancers in
women but no association with the non-smoking-related cancers. The findings for
smoking-related and non-smoking-related cancers are compatible with results of the
analysis of mortality, in that the mortality experience associated with smoking-
related cancers in women tends to be less favorable than that associated with non-
smoking-related cancers (e.g., cancer of the breast and uterine corpus) (Sondik et
al. 1986). The inverse relation seen for all cancer in women was confined largely to
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Table 5-10 Relationship of Levels of Serum Cholesterol and Relative Risk of Smoking-
related Cancers According to Years of Follow-up and Gender

Serum cholesterol

Relative risk (95% confidence interval)

after indicated years of follow-up

level (mg/100ml) 0-1.9 2-59 =6
Men (no. of cases) 32 90 80
=182 1.3 (0.4-4.2) 1.7 (0.9-5.1) 2.5 (1.3-49)
183-205 1.9 (0.7-2.5) 1.3 (0.7-2.5) 1.4 (0.7-2.8)
206-226 0.4 (0.1-2.0) 0.9 (0.5-1.9) 1.2 (0.6-2.4)
227-254 1.7 (0.6-4.8) 1.0 (0.5-1.9) 1.5 (0.7-2.9)
=255 (1.0) — (1.0) — (1.0) —
Women (no. of cases) 15 38 33
=179 8.8 (1.5-49) 1.8 (0.6-5.6) 6.2 (2.1-18)
180-203 3.0 (0.4-22) 1.7 (0.6-4.6) 1.3 (0.3-5.3)
204-229 1.8 (0.3-13) 1.1 (0.4-3.0) 2.0 (0.7-6.1)
230-261 3.2 (0.6-17) 1.1 (0.5-2.8) 1.5 (0.5-4.5)
=262 (1.0) — (1.0) — (1.0) —

Note: Relative risks (95% confidence intervals) were derived from proportional hazards models that included variables
for age and cholesterol. Although the multivariate models were relatively unstable due to the small number of cases,
estimates were only minimally altered in models that included variables for age, cholesterol, education, body mass
index, smoking (pack-years), alcohol, dietary fat as a percentage of total calories, dietary fiber, and, for women, age at
first birth, age at menarche, and parity.

the first 2 years of follow-up, but for the smoking-related cancers the inverse
relation persisted over a longer period of follow-up.

The “preclinical cancer effect” hypothesis for the observed inverse relation
between cholesterol and cancer is an attractive explanation given the protean phys-
iologic manifestations of malignant disease, which could well include depression of
serum cholesterol levels. In that regard, it has long been known that patients with
leukemia have reduced cholesterol levels (Muller 1930), and it has recently been
shown that leukemic cells have an elevated low-density lipoprotein receptor activity
that is inversely correlated with plasma cholesterol levels (Vitols et al. 1985). We
found, however, that the inverse relation between cholesterol and all incident cancer
in men held for several years after cholesterol was measured. For smoking-related
cancers this relation held for women as well as for men. Although one cannot totally
exclude the possibility that nascent neoplasms could alter cholesterol metabolism
several years prior to clinical diagnosis, our findings and those from a few other
studies (Beaglehole et al. 1980; Garcia-Palmieri et al. 1981; Kark, Smith, and
Hames 1980; Peterson and Trell 1983; Sorlie and Feinleib 1982) suggest that there is
more to the inverse relation between cholesterol and cancer than a short-term effect
of preclinical cancer. We note also that the inverse relation between cholesterol and
leukemia obtained even after exclusion of cases diagnosed within the first 2 years
after determinations of cholesterol levels.

Finally, if smoking-related cancers stemmed from pathologic processes com-
mon to those anatomic sites most susceptible to the carcinogenic effects of tobacco
smoke, and if these processes were linked with depression of the serum cholesterol
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level, then the inverse relation between cholesterol and smoking-related cancers
would be found. However, it is unclear whether a low level of cholesterol is a
necessary precondition for such processes or merely an incidental effect. If the latter
were true, then the explicit reduction of serum cholesterol for prevention of coro-
nary disease would not in itself increase the risk of cancer. We emphasize that our
aggregation of cancer sites into smoking-related and non-smoking-related cancers
was not driven by a prior hypothesis. Inferences drawn from this kind of post hoc
grouping must be considered cautiously, and our finding for smoking-related can-
cers needs to be examined with other sets of data.

Although we cannot now offer more than a very general explanation for the
observed inverse relation between cholesterol and cancer, we conclude that the
findings are strong enough to merit continued epidemiologic investigation.

SOCIOECONOMIC STATUS AND CANCER

The relation between two sociodemographic variables, education and income, and
cancer (incidence and mortality for cancer at all sites, and incidence at major sites)
is the subject of our fourth investigation of the epidemiology of cancer, utilizing the
NHEFS data set. Since the NHEFS cohort was derived from a probability sample of
the U.S. population, accompanied by oversampling of groups hypothesized to be at
increased risk of nutritional deprivation, there is a considerable spread of educa-
tional achievement and income across the cohort.

Previous studies have shown higher rates of total malignant disease among
those at the lower end of the socioeconomic scale (American Cancer Society 1986;
Kitagawa and Hauser 1973; Logan 1982). For several cancer sites, including lung
(Devesa and Diamond 1983), cervix (Brinton and Fraumeni 1986), esophagus (Day
1975), and stomach (Haenszel and Correa 1975), inverse relations with socioeco-
nomic status have generally been reported. However, consistent trends across social
classes have not been demonstrated for colorectal (Schottenfeld and Winawer 1982)
or prostate (Mandel and Schuman 1979) cancer. Although a positive association
between socioeconomic status and breast cancer has been found (Kelsey 1979), the

magnitude of this relation is not great and may be diminishing over time (Logan
1982).

Analytic Methodology

The cohorts used in the analyses of education and income in relation to cancer were
similar to those analyzed in the study of the cholesterol-cancer association. Baseline
data on education were missing for 54 men and 51 women, whereas baseline data on
income were missing for 225 men and 322 women.

The analyses of education and incident cancer included 5100 men and 7374
women; those for income and cancer included 4952 men and 7146 women. The
comparable analyses for mortality due to cancer involved 5757 men and 8545
women for education, 5586 men and 8274 women for income.

CANCER / 99

Smoking-related and
manner as in the study of

Observed Correlations b

Classification of the cohor
cated that a substantial pro
with 33% of the men and :
school. Only 21% of the :
high school. At least some
the men and 60% of the w.
of the women reported less
and 19% of the women re«
men and women (58% and
$4000-9999).

Data reflecting the re
and other potential risk fac
instances, the associations
income. Low socioeconom
ciated with being older anc
energy) and less fiber, and,
menarche, and greater par
index, was inversely relate
education in men, but there
among men. A greater pn
cioeconomic status reporte
association between total
ing levels for women we;
largely unrelated to educat
and women in higher, as
reported being former smy
serum cholesterol and educ
income and cholesterol lev
terol level and education, ¥
income. The proportion o
with more education and ir
tion was positively associ;
there was a strong direct as

Figures 5-5 and 5-6
cancer by level of educati
socioeconomic status level-
and non-smoking-related c

Men of lower socioec
inverse trend being somewl
association appeared larg



cers
is a

32)
ion
the

’re
ne
on

74
he
45

CANCER / 99

Smoking-related and non-smoking-related cancers were defined in the same
manner as in the study of the association between cholesterol and cancer.

Observed Correlations between Socioeconomic Status and Cancer

Classification of the cohorts studied by broad education and income groups indi-
cated that a substantial proportion of subjects had relatively little formal education,
with 33% of the men and 23% of the women completing no more than elementary
school. Only 21% of the men and 17% of the women had any education beyond
high school. At least some schooling in grades 9 through 12 was reported by 46% of
the men and 60% of the women. With regard to income, 20% of the men and 24%
of the women reported less than $4000 per year, whereas only about 22% of the men
and 19% of the women received $10,000 or more annually. Similar proportions of
men and women (58% and 57%, respectively) had annual incomes in the mid-range
$4000-9999).

Data reflecting the relations between the two socioeconomic status variables
and other potential risk factors for cancer can be summarized as follows. In most
instances, the associations with other risk factors were similar for education and
income. Low socioeconomic status and educational achievement tended to be asso-
ciated with being older and nonwhite, consuming more fat (as a percentage of total
energy) and less fiber, and, in women, having an earlier age at first birth, later age at
menarche, and greater parity. Among women, obesity, as reflected by body mass
index, was inversely related to both education and income and, to a lesser degree, to
education in men, but there was a slight positive association of obesity with income
among men. A greater proportion of men with lower, as opposed to higher, so-
cioeconomic status reported being current smokers, but among men there was little
association between total pack-years of smoking and socioeconomic status. Smok-
ing levels for women were generally lower than those for men, and they were
largely unrelated to education and slightly inversely related to income. (More men
and women in higher, as compared with lower, education and income brackets
reported being former smokers.) Among men there was no association between
serum cholesterol and education, but there was a small inverse association between
income and cholesterol level. Data for women showed a positive relation for choles-
terol level and education, with little apparent relation between cholesterol level and
income. The proportion of menopausal women was slightly higher among those
with more education and income. Among both men and women, alcohol consump-
tion was positively associated with socioeconomic status. As one would expect,
there was a strong direct association between educational achievement and income.

Figures 5—-5 and 5-6 depict age-adjusted incidence and mortality rates for all
cancer by level of education and income. Figures 5-7 through 5-10 display the
socioeconomic status level-specific rates for major cancer sites and for the smoking-
and non-smoking-related cancers.

Men of lower socioeconomic status had higher overall rates of cancer, with the
inverse trend being somewhat stronger for mortality than for incidence. This inverse
association appeared largely among the smoking-related, as opposed to non--
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Table 5-11 Rates of Cancer
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Table 5-11 Rates of Cancer (per 10,000 person years) According to Years of
Education, Gender and Age at Baseline (NHANES 1)

Indicated age groups and years of education

<55 Years of age 55-64 Years of age >65 Years of age

<8 9-12 >12 <8 9-12  >12 <8 9-12 >12

Men

All cancer incidence 530 280 210 1210 1320 1220 2280 2550 2060

All cancer mortality 350 140 70 680 610 680 1080 1250 800

Smoking cancer in- 280 150 70 600 440 600 1030 1180 800
cidence

Nonsmoking cancer 250 130 140 610 870 610 1230 1350 1250
incidence

Women
All cancer incidence 300 260 250 560 760 1400 1340 1420 1260
All cancer mortality 850 840 600 240 400 540 620 650 440

Smoking cancer in- 70 50 40 130 100 280 270 410 200
cidence

Nonsmoking cancer 240 210 230 480 600 960 990 1080 1100
incidence

smoking-related, cancers. Men with lower educational achievement and income had
higher rates of lung cancer than their male counterparts with higher socioeconomic
status. There was at most a small inverse relation between prostate cancer and
socioeconomic status, whereas for colorectal cancer there was no association for
education and a slight inverse relation for income.

Since a deterioration in health status before diagnosis of cancer might lower
income (Luft 1978), we examined the relation between income and cancer after
elimination of the first two person-years of follow-up. The income-—cancer relations
were not materially different from those described earlier.

The relation between socioeconomic status and cancer among women was
different. Incidence of cancer showed a small positive relation to education, where-
as there was no consistent trend for income. For mortality due to cancer, there was a
small inverse trend for income and an even smaller inverse association for educa-
tion. Smoking-related cancers, which made up a considerably smaller proportion of
all cancers in women than in men, demonstrated only a small inverse association
with socioeconomic status. There was no trend for lung cancer in relation to so-
cioeconomic status, but the number of cases in women was quite small. A positive
association was observed between both socioeconomic status variables and breast
cancer. As among men, there was no clear relation among women between educa-
tion or income and colorectal cancer.

Age-specific cancer rates are presented in Tables 5-11 and 5-12. Among men
the inverse relations appeared to be more prominent for younger subjects. Among
women, inverse socioeconomic status—cancer relations were evident for groups
aged under 55 and 65 years and older groups; however, the associations were
positive for women aged 55-64 years. These age-specific patterns need to be
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Table 5-12 Rates of Cancer (per 10,000 person years) According to Income, Gender, and Age at Baseline

(NHANES 1)

Cancer rates for indicated age groups and income level

55-64 Years of age >65 Years of age

<55 Years of age

<$4000

<4,000 4-9999 >10,000 <4000 4-9999  >10,000

>10,000

4-9999

Men

2480
1170

1040

2250
1120

1200

2330
1020

1240
860

1190

1740
1070

310 280
960

780
470

All cancer incidence
All cancer mortality

Smoking cancer in-

670
490

470

500

100

70

140

140

cidence
Nonsmoking cancer

146 780 670 740 1440 1030 1410

170

200

incidence

Women

1320 1180

500 1130 1460

240

760
440

280 270 250
890 630

1230

All cancer incidence

490
200

720 520
410

270

470
280

All cancer mortality
Smoking cancer in-

100

130

40

50

70

cidence
Nonsmoking cancer

210 620 400 850 1190 910 980

230

200

incidence
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viewed cautiously, however, because the numbers of cases within each of the age-
specific and socioeconomic status—specific categories were rather small.

In Tables 5-13 and 5-14 we present results from proportional hazards regres-
sion analyses of the relation between the two socioeconomic status variables and all
cancer incidence and mortality. The relative risk estimates for education and income
from models that also include only age paralleled the age-adjusted incidences dis-
cussed earlier. Men who had 12 or fewer years of schooling, as compared with those
who had some education past high school, had approximately a 10-20% greater risk
of cancer. In comparison with those who had incomes of $10,000 or more, the
relative risk estimate for incidence was 1.3 (95% confidence interval 1.0-1.6) for
men with incomes of less than $4000. The excess risk of mortality among men was
somewhat greater, with marginally significant point estimates of 1.4 (1.0-2.1) for
the least versus the most educated, and 1.6 (1.0-2.3) for an income of less than
$3000 as compared with $10,000 or more.

Inclusion of smoking as well as age in the models for men lowered these point
estimates considerably. Inclusion of multiple risk factors in the regression models
reduced these estimates to or very near 1.0.

For women the age-adjusted point estimates of cancer incidence for the lowest
category of education and income, relative to the highest, were negligibly different
from 1.0 and did not change with adjustment for smoking and other risk factors. For
mortality due to cancer, risk was at most minimally increased with education. There
was, however, a marginally significant excess risk for those with incomes of less
than $4000, compared with $10,000 or more. This effect did not diminish after
adjustment for smoking and other risk factors.

Discussion

Our analyses have shown that the inverse relation between socioeconomic status, as
reflected by educational achievement or income, and cancer was of modest dimen-
sion, with at most a 50% excess risk. Overall the inverse association was somewhat
greater for men than for women, for younger than for older subjects, and for cancer
mortality as compared with cancer incidence. The increased risk of death due to
cancer among those in the lowest, as opposed to highest, brackets of both education
and income for men and of income for women was approximately 50%. The excess
risks observed in relation to socioeconomic status, with the exception of a persistent
association between income and mortality due to cancer in women, largely disap-
peared after adjustment for smoking and other risk factors for cancer.

Studies of socioeconomic status and cancer (or any disease, for that matter)
tend to lack specificity in the sense that particular (and potentially modifiable)
“biologic” exposures are not investigated. Education and income are considered to
be surrogates for elements of the sociophysical environment that have a causal
relation to disease. That is, it is not the differences in income itself that account for
the variation in cancer rates, but the differences in smoking, diet, or some un-
measured factors across the different income groups that govern the corresponding
income-related differences in frequency of cancer.
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108 / RISK FACTORS AND SPECIFIC DISEASES

Our results clearly show that risk factors for cancer vary markedly with both
education and income. Moreover, the results of the multiple regression analyses
suggest that known risk factors for cancer, especially smoking, are largely responsi-
ble for the inverse relations between socioeconomic status and cancer. In other
words, the data suggest that much of the excess cancer observed among men in the
lower education and income groups would be eliminated if those men did not smoke
more than men in the highest socioeconomic status groups.

Except for the link between income and cancer mortality, there was little relation
between socioeconomic status and cancer in women. This finding may reflect the
facts that breast cancer, the leading incident cancer in women, had a positive
relation with both education and income and that smoking-related cancers (which
showed an inverse relation between socioeconomic status and cancer in men) ac-
counted for a substantially smaller proportion of the total cases of cancers in women
than in men. The inverse association between income and mortality due to cancer
among women that persisted even after adjustment for multiple risk factors suggests
that the income variable in women actually may have been a surrogate for other risk
factors not included in the regression models. Since mortality reflects survival as
well as incidence, it is conceivable that income-related differences in cancer mor-
tality reflect differences in some factors related to survival of women who have
cancer.

Although the elevation in cancer risk among those of lower socioeconomic
status was small, even a 20—-30% increase in risk would have etiologic and public
health importance. Where known risk factors can account for socioeconomic dif-
ferences in cancer rates, it follows that elimination or modification of these factors,
such as smoking, could go a long way toward eliminating those differences. It is
plausible, although by no means assured, that a reduction in socioeconomic status
disparities would be accompanied by a comparable reduction in differential ex-
posure to cancer risk factor across socioeconomic status groups. Finally, the exis-
tence of socioeconomic differences in cancer rates not adequately explained by
known risk factors suggests the need for discovering other cancer-related factors
that vary across categories of socioeconomic status.

POSSIBILITIES FOR FUTURE RESEARCH

Some of the cancer studies using the NHEFS data that are presently under way at the
National Cancer Institute illustrate additional possibilities for research offered by
this data set. Again, it is important to note that NHEFS is an ongoing study.
Although the number of cases of cancer at certain sites is rather small for detailed
analysis, more cases will accrue in the coming years. Therefore, certain studies of
site-specific cancer that are not now possible will become so over the next decade.
Moreover, particular hypotheses, such as those relating consumption of alcohol and
fat to breast cancer, can be reexamined as additional cases develop in the original
NHANES I cohort.
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There is considerable interest in the relation of various indexes of body size and
growth to cancer at different sites. The extensive anthropometric data gathered as
part of NHANES [ have permitted current evaluations of the relation between
obesity and measures of frame size to breast cancer. Questions from the NHEFS
interview, including those relating to body weight at different ages, may be valuable
when examined in a case-control context, especially as the number of available
cases increases.

Many research questions remain to be explored with data on dietary factors,
from both the baseline and follow-up examinations. Investigators are now examin-
ing cancer in relation to reported patterns of consumption of the various food
groups. These data were compiled from 24-hour diet recall queries included in the
baseline survey.

Information on dietary calcium is being examined in relation to cancer of the
large bowel and other sites. Since it is likely that nutrient interactions are important
in carcinogenesis, we have begun to look at various combinations of dietary lipids
and fiber in relation to breast cancer. In addition to serum cholesterol, other bio-
chemical factors (serum retinol, for example) can be investigated in terms of their
correlation with the incidence of cancer.

These samples of ongoing studies illustrate the potential role of the NHEFS
data in epidemiologic investigations of the etiology of malignant disease.
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